ME) and tested at 5-7 months of age, weighing 33 +/-5.2g (SD). Ten mice per group was 227 chosen as the minimum number of mice required to obtain a reliable behavioral result 228 based on a predictive power analysis using data from similar tasks reported by previous 229 studies using the CGG Knock-In and Fmr1 knockout mouse models cf., Hunsaker (2012a, 230 2013). The Ts65Dn/DnJ stock, commercially available from Jackson Laboratory 231 (B6EiC3Sn.BLiA-Ts(1716)65Dn/DnJ), is homozygous for the wildtype allele for retinal 232 degeneration. The stock is maintained by repeated backcrossing of Ts65Dn females to 233 B6EiC3H F1 hybrid males derived from a new congenic strain of C3H mice. This new 234 congenic strain (C3Sn.BLiA-Pde6b+) lacks the blindness causing recessive mutant allele. 235 Animals were kept on a 12-h light/dark cycle, in a temperature and humidity controlled 236 environment with ad libitum access to food and water. During no point in experimentation 237 was food deprivation used. Care was taken to assure mice showed motivation to seek 238 sucrose pellet rewards. All behavioral tests were conducted during the light portion of the 239 cycle (06:00-18:00). Mice were housed in same-genotype groups of 2-3 per cage. Animal The week prior to testing, all animals were handled daily for 15 min sessions and 244 given an opportunity to habituate to a clear and red apparatus for at least 15 min each 245 and acclimate to sucrose pellet rewards. It was verified that prior to the end of this 246 training period that mice consumed sucrose pellets as soon as placed on the apparatus. 247 Behavioral tasks emphasizing exploratory behaviors were presented in a 248 pseudo-randomized order between mice (randomized within the Ts65Dn mice and a 2N 249 wildtype littermate was yoked to a given Ts65Dn mouse to account for any potential task 250 order effects), followed by spontaneous alternation and motor tasks, then response and 251 reversal learning tasks. The 2N wildtype mice were the same age (within 15 days of age) as the Ts65Dn mice. 253 After these tasks, mice received training on the cheeseboard, and then finally were 254 presented with test designed to evaluate quality of life/adaptive functional measures to 255 reduce the influence of any anxiety measures on later task performance. 256 To specifically isolate the contribution of spatial and non spatial cues to task 257 performance, behavioral tasks were run two times, once in a clear box and many extra 258 maze cues, and a second time in a red box without extra maze cues (Dees & Kesner, 259 2013). This was done because Smith, Kesner, and Korenberg (2014) noticed that there was 260 a pattern of deficits in Ts65Dn mice that were better explained by the mice having access 261 to the extra-maze context than by any specific memory process. As such, they ran every 262 experiment twice, one time using a clear box that allowed access to extra-maze cues and 263 another time in a red box that blocked the view of the extra maze cues. They found that 264 visual object recognition deficits at a 1 hour delay were seen in the clear box experiment, 265 whereas experiments in the red box showed intact visual object memory at a 1 hour delay. 95% ethanol was used to reduce and spread olfactory cues and prevent odor effects 277 impacting future task performance.
Tests of Spatial Attribute

279
Spatial Navigation using Cheeseboard. Apparatus: A white, circular Plexiglas 280 platform with a series of 2 cm diameter holes centered every 5 cm was used as the 281 cheeseboard apparatus. The apparatus was placed approximately 1.5 m off the ground in a 282 space surrounded by extra maze, distal cues to provide a rich spatial context to guide 283 mouse navigation. Paths taken by the mice were recorded by an overhead camera and 284 analyzed using Noldus EthoVision software.
285
Method: Each mouse was habituated to the cheeseboard for 30 min the day prior to 286 experimentation with banana flavored sucrose pellets distributed in each hole (Bio-Serv, 287 #F07257). All mice consumed sucrose pellets and showed a random foraging pattern prior 288 to beginning of training. At the beginning of each trial, a single sucrose reward pellet was 289 placed in one of the holes of the cheeseboard (located within the midpoint of the 290 North-East, North-West, South-East or South-West quadrant). A mouse was then released 291 at one of the cardinal points (e.g., North, South, East, or West at the edge of the 292 cheeseboard) as latency in seconds and distance in centimeters traveled to locate and 293 consume the reward was recorded. Each day, the mouse received a trial from each of the 294 four cardinal directions (order randomized between mice and between days within mice).
295
There were 5 minutes separating each trial for each mouse. After the fourth day of 296 training, the mice were given a probe trial wherein there was no reward. The search 297 patterns of the mice were evaluated. This protocol was modified from the original rat object was visually distinct. New objects were used between experiments so mice were 312 never exposed to the same object during different experiments. To prevent use of olfactory 313 cues to guide behavior, the boxes and objects were disinfected and deodorized with a 314 sterilizing cleaning agent after each use. The mouse was presented with entirely novel 315 object sets for every experiment. All locomotor activity was collected by the Noldus (from inner edges) and mice were allowed to explore the objects for 15 minutes. After a 5 323 min interval during which the mice were covered by an opaque, heavy cup, the objects 324 were moved closer together to an 8 cm separation and the mouse was allowed to explore 325 for 5 min. This procedure was carried out in the clear box that allowed the mouse to see 326 the extra-maze, distal cues as well as in the red box that blocked the ability of the mouse 327 to see these cues (Dees & Kesner, 2013; Smith et al., 2014) . Exploration during the last 5 328 min of habituation and during the 5 min test session were converted into a ratio value 329 ranging [-1,1] to control for overall exploration. As such, a ratio value approaching -1 is 330 interpreted as the mouse showing continued habituation and thus not noticing the change. (Hunsaker, 2012a (Hunsaker, , 2013 Hunsaker 337 et al., 2012; Hunsaker et al., 2009; Kesner et al., 2014; Lee et al., 2009; Smith et al., 2014) , 338 four objects were placed in a square in the box separated by 25 cm (from inner edges) and 339 mice were allowed to explore the objects for 15 minutes. After a 5 min interval during 340 which the mice were covered by a heavy cup, the front two objects were transposed, and 341 the mouse was allowed to explore for 5 min. This procedure was carried out in the clear 342 box that allowed the mouse to see the extra-maze, distal cues as well as in the red box 343 that blocked the ability of the mouse to see these cues. Exploration during the last 5 min 344 of habituation and during the 5 min test session were converted into a ratio value ranging 345 [-1,1] to control for overall exploration. As such, a ratio value approaching -1 is interpreted separation between the two objects), and the mouse was allowed to explore for 5 min. This 358 procedure was carried out in the clear box that allowed the mouse to see the extra-maze, distal cues as well as in the red box that blocked the ability of the mouse to see these cues.
360
Exploration during the last 5 min of habituation and during the 5 min test session were 361 converted into a ratio value ranging [-1,1] to control for overall exploration. As such, a 362 ratio value approaching -1 is interpreted as the mouse showing continued habituation and 363 thus not noticing the change. A ratio value approaching 1 suggest the mouse dramatically 364 explored the change in which object occupied which spatial location. objects. The mouse was given 5 min to freely explore the objects. After 5 min, the mouse 374 was removed to a small holding cup for 5 min. During this time, the first objects were 375 replaced with two duplicates of a second object (Object 2). For Session 2, the mouse was 376 again placed in the apparatus and allowed to explore. After 5 min, the mouse was 377 removed to the holding cup for 5 min and the objects were replaced with two duplicates of 378 a third object (Object 3). For Session 3, the mouse was given 5 min to explore. After 5 379 min, the mouse was removed into a small cup for 5 min and an unused copy of the first 380 and an unused copy of the third object were placed into the box. The mouse was again 381 placed into the box and allowed to explore the two objects (i.e., Objects 1 and 3) during a 382 5 min test session. This procedure was carried out in the clear box that allowed the mouse 383 to see the extra-maze, distal cues as well as in the red box that blocked the ability of the 384 mouse to see these cues. Exploration of each object during the test session were converted into a ratio value ranging [-1,1] to control for overall exploration. As such, a ratio value 386 approaching -1 is interpreted as the mouse showing an absolute preference for the third 387 over the first object. A ratio value approaching 1 suggest the mouse strongly explored the 388 first over the third object. Method: In addition to reflecting impaired temporal ordering, increased exploration 393 of the first object over the third could also be interpreted as being due to difficulty in 394 remembering the first object prior to the test session (Hunsaker, 2012a (Hunsaker, , 2013 Hunsaker 395 et al., 2010) . To minimize and control for such general memory deficits, a novelty 396 detection of visual objects task was performed. Briefly, on a different day mice received 397 three sessions during which they were allowed to explore three novel sets of objects 398 (Objects 4, 5, 6) similarly to the temporal ordering tasks. During the test session, the first 399 object and a novel fourth object (Object 7) were presented and the mice were allowed 5 400 min to explore. This procedure was carried out in the clear box that allowed the mouse to 401 see the extra-maze, distal cues as well as in the red box that blocked the ability of the 402 mouse to see these cues (cf., Dees and Kesner, 2013; Smith et al., 2014) . Exploration of 403 each object during the test session were converted into a ratio value ranging [-1,1] to 404 control for overall exploration. As such, a ratio value approaching -1 is interpreted as the 405 mouse showing an absolute preference for the familiar over the novel object. A ratio value 406 approaching 1 suggest the mouse strongly explored the novel over the familiar object. red box that blocked the ability of the mouse to see these cues. Exploration during the 439 last 5 min of habituation and during the 5 min test session were converted into a ratio 440 value ranging [-1,1] to control for overall exploration. As such, a ratio value approaching -1 441 is interpreted as the mouse showing continued habituation and thus not noticing the 442 change. A ratio value approaching 1 suggest the mouse dramatically explored the change. inner edges) and mice were allowed to explore the objects for 15 minutes. After a 5 min 450 interval during which the mice were covered by a heavy cup, one of the objects was 451 replaced by a novel object that had never before been experienced by the mouse, and the 452 mouse was allowed to explore for 5 min. This procedure was carried out in the clear box 453 that allowed the mouse to see the extra-maze, distal cues as well as in the red box that 454 blocked the ability of the mouse to see these cues. This procedure was carried out in each 455 box separately for delays of 1 hour and 24 hours. Exploration during the last 5 min of 456 habituation and during the 5 min test session were converted into a ratio value ranging 457 [-1,1] to control for overall exploration. As such, a ratio value approaching -1 is interpreted 458 as the mouse showing continued habituation and thus not noticing the change. a ratio 459 value approaching 1 suggest the mouse dramatically explored the change. 
460
Tests of Executive Function
566
For all exploratory tasks (Spatial, Temporal, and Sensory/Perceptual tasks), ratio 567 values were computed after the following formula: Exploration of the object of interest (or 568 all objects in the 5 min session of interest) minus the exploration of the other objects or last 5 min of the habituation session. This was divided by the sum of all exploration 570 across both sessions or of both objects. As a formula this is depicted as: (A-B)/(A+B).
571
Exploration was defined as the mouse sniffing the object, touching the object with 572 the paw, rearing toward the object, or whisking at the object. Touching the object with 573 the trunk or tail or running into an object without stopping to sniff at it was not coded as Ts65Dn mice showed significant impairments relative to 2N control mice. There was a 718 main effect for latency, with Ts65Dn mice taking longer to eat the pasta on average 719 (F(1,18)=14.74, p=.0012 η 2 =.17; Figure 5a ). Ts65Dn mice also made a greater number of 720 pasta handling errors (F(1,18)=92.68, p<.0001 η 2 =.40; Figure 5b ). There was also a main 721 effect for groups for the number of times the paws came together (F(1,18) =42.34, p<.0001; 722 Figure 5c ), for the number of times the mouse lost contact with the pasta (F(1,18) =20.35, 723 p=.0003 η 2 =.22; Figure 5d ) and the number of times the mouse pulled the pasta with 724 their mouth rather than using the hands to move it (F(1,18)=21.46, p=.0002 η 2 =.17; Figure 5e ). temporal processing is intact in the Ts65Dn mice, but object identification may be 778 impaired if extra-maze distal cues are present. This hypothesis was confirmed in the 779 sensory/perceptual tests wherein the Ts65Dn mice were able to correctly process feature 780 ambiguity and feature novelty in the red, but not clear boxes. And finally, object 781 recognition was impaired even at only 1 hour delays for Ts65Dn mice when extramaze cues 782 were available. In the red box, the Ts65Dn mice were able to identify previously 783 encountered objects until a 24 hour delay was imposed.
784
For response learning or executive function, Ts65Dn mice were impaired for 785 spontaneous alternation (they alternated on fewer trials than wildtype mice), as well as 786 response learning and reversal learning of a previously learned rule. However, it appeared 787 that the Ts65Dn mice just learned the tasks more slowly since the early trials show deficit, 788 but later blocks of trials do not. For reversal learning, it is clear the Ts65Dn mice take a 789 greater number of trials to learn the reversal based on the changepoint calculated for the 790 learning curves (Ts65Dn mean=50 compared to mean=30 for 2N wildtype mice) as well as 791 the greater number of perseverative errors during trials 1-20 of the reversal learning task.
792
Interestingly, once the Ts65Dn mice showed learning of the reversal, they did not make 793 any more regressive errors than the 2N control mice.
794
These data support earlier theories that suggested there were specific deficits to 795 spatial memory in Down syndrome (Carlesimo, Marotta, & Vicari, 1997; Carretti & 796 Lanfranchi, 2010; Lanfranchi et al., 2009; Silvia Lanfranchi et al., 2004; Vicari et al., 2005; 797 Visu-Petra, Benga, Miclea, et al., 2007) . What these data clarify are the neural substrates 798 and specific domains of medial temporal lobe function are impaired in Down syndrome.
799
There are specific deficits on tasks that test dentate gyrus function, but sparing of 800 function on tasks that test parietal and perirhinal cortices as well as CA1 function. (Edgin et al., 2010; Edgin, Mason, Spano, Fernandez, & Nadel, 2012) . Similarly, the performance of Ts65Dn mice on the mCTB recapitulates intact cognitive function seen in participants with Down syndrome when tested using the ACTB Figure 1 . Dry land water maze performance on a cheeseboard for Ts65Dn and 2N wildtype control mice. Ts65Dn mice showed impaired spatial navigation abilities during the 4 days of acquisition, even when adjusted for initial performance. Figure 5 . Motor Function Task Battery. Ts65Dn mice showed reduced motor dexterity during a Capellini Handling task reflected as an increase in the number of abnormal behaviors and increased latency to consume the capellini as well a greater number of foot slips during a Parallel Rung Walking task, even when adjusted for total number of steps. 
